IntrODuCtIOn
Childhood cancer is the second most common cause of death among children in developed countries and is only outnumbered by accidents. 1 Denmark has one of the highest incidence rates of childhood cancer among high-income countries, with an annual incidence rate around 14 cases per 100 000 children below 15 years of age. 2 3 Diagnosis of childhood cancer is a challenging task in general practice as children with early-stage cancer often present with non-specific and vague symptoms that mimic common conditions such as viral infection. 4 5 A Danish study showed that excess healthcare use, which can be seen as a proxy for symptoms of childhood cancer, occurs several months before the diagnosis is established. 6 The time leading up to the cancer diagnosis is often full of worries for the involved families. Moreover, delayed diagnosis can cause longstanding effects, such as distress in the family and poor quality of life, and may negatively affect the curability and survival. 5 7 Several studies have documented inequalities in the healthcare use between patients with low and high socioeconomic position (SEP). [8] [9] [10] [11] Children from families with lower SEP are more frequent in contact with the healthcare system. They more often suffer from chronic diseases, are more likely to acquire infectious diseases and have increased risk of injuries. [12] [13] [14] However, the utilisation of preventive child health examinations is lower strengths and limitations of this study ► This large nationwide study is based on high-quality data from four nationwide registers. ► The risk of selection bias and information bias was limited. ► Matching was used to reduce potential confounding effects of age and gender. ► Multiple socioeconomic variables were examined in the analysis to ensure high validity of findings. ► A limitation was the lack of information on the reasons for requesting consultations and tests.
Open access in the deprived part of the population. 8 Additionally, a growing body of research shows that parental socioeconomic factors influence childhood cancer survival, even in countries with free access to high-quality healthcare. [15] [16] [17] [18] One question that arises in this context is whether socioeconomic differences influence the utilisation of primary care for childhood cancer and (if positive) to what extent. Knowledge about inequality in early diagnosis of childhood cancer is essential to ensure an optimal diagnostic route, regardless of the patient's SEP.
The aim of this study is to describe the use of primary care 2 years before a diagnosis of childhood cancer and to investigate whether socioeconomic factors modify the use of consultations and the diagnostic tests performed in primary care.
MethOD
We conducted a national population-based matched cohort study using data from four nationwide Danish registers: (i) the Danish Civil Registration System, which holds basic demographic information on all Danish citizens, (ii) the Danish Cancer Register (DCR), which holds information on all cancer diagnoses in Denmark, (iii) the Danish National Health Insurance Service Register (NHSR), which holds information on all contacts to and services provided by general practice based on remuneration coding 19 and (iv) Statistics Denmark, which is the central authority on Danish statistics and holds socioeconomic and demographic information on all citizens. 20 The civil registration number, a unique 10-digit personal identification number assigned to every Danish citizen at birth or immigration, was used to link data at the individual level.
setting The Danish healthcare system is tax-financed and offers equal and universal access to healthcare for all citizens. All Danish residents have direct and free access to general practitioners (GPs), and more than 98% of all citizens are registered with a specific general practice. 21 GPs act as gatekeepers to the rest of the healthcare system; they carry out initial diagnostic investigations including referrals to specialists. Specialist and hospital care is free of charge. Except for emergencies and ear-nose-throat and eye specialists, all citizens must first contact their general practice to get a referral. For each patient with childhood cancer, 10 random references were sampled and matched on date of birth and gender. Index date was the date of diagnosis for the matched cancer patient. The references had to be alive, without a history of cancer and resident in Denmark at the index date (ie, date of diagnosis) and 2 years before the index date.
The date of diagnosis in the DCR is based on the international hierarchy, that uses the dates of histological confirmation, admission to hospital and date of death. The histology date always takes precedence over any other date obtained. 22 
socioeconomic factors
We used information on SEP from the calendar year before the index date in order to minimise the impact from the child's disease on the socioeconomic indicators. SEP indicators were categorised as described in the following. Parental cohabitation status was divided into living with a partner (married/cohabitating) or living alone (divorced, widowed or never married). Household labour market affiliation was divided into employed, unemployed (unemployed, old age pension or early retirement pension, disability pension or welfare payments) and mixed (one parent employed, the other unemployed). Educational level was classified according to Unesco's International Standard Classification of Education into three groups (low educational level: ≤10 years, medium educational level: >10 and ≤15 years, and high educational level: >15 years) and was based on the highest obtained educational level of the mother. In cases with no mother in the household, the highest obtained educational level of the father was used. Income was measured as equalised disposable household income (salaries, wages, all types of supplementary benefits and pensions) and comprised all income after taxation for the entire household adjusted for number of persons in the household. 23 Income was categorised into three groups: low (1 st quartile), medium (second and third quartile) and high (fourth quartile). Number of children in the household was dichotomised as the presence of siblings (yes/no).
Primary healthcare services
The main outcomes were rates of consultations and invoiced diagnostic tests per patient performed in general practice; these data were obtained from the NHSR. Consultations included face-to-face consultations, home visits, telephone and email consultations during daytime. Planned vaccinations and preventive child health examinations were not included.
Invoiced diagnostic tests included urine tests (stick, microscopy of urine and urine culture), blood tests (C reactive protein, differential blood count, blood glucose and haemoglobin), pulmonary function tests, electrocardiography and tests for streptococcal throat infection.
Open access statistical analyses
We calculated the quarterly difference between rates for consultations and invoiced diagnostic tests performed for children who were later diagnosed with cancer and reference children stratified for each socioeconomic factor. In the following, this incidence rate difference (IRD) will be referred to as 'additional rates'.
We calculated the absolute difference in 'additional rates' compared with the reference group for consultations and invoiced diagnostic tests. We used generalised linear models with identity link for the Poisson family. For both additional rates and absolute differences, we applied cluster robust variance estimation to account for repeated measurements for the subjects.
Logistic regression was used to estimate the association between socioeconomic variables and the odds of frequent use of consultations, frequent use was defined as having at least four consultations in the 3 months before diagnosis based on the fourth quartile. Two models were used. First, a basic model adjusted for cancer type, age and gender for each of the socioeconomic variables. Second, a model adjusted for cancer type, age, gender and all included socioeconomic variables. Similar models were used to estimate the association between SEP and the probability of receiving at least one invoiced diagnostic test during the last 3 months before diagnosis.
A p value of ≤0.05 was considered statistically significant. Analyses were performed using Stata/IC V.15.0. 
Characteristics of the study population
In all, 1386 eligible children with cancer and 13 860 matched references were identified (figure 1) and characteristics are shown in table 1. The proportion of children consulting general practice within 3 months before diagnosis (ie, index date) was 75.3% among cases and 37.7% among references. Invoiced diagnostic tests were performed in primary care within 3 months before diagnosis for 29.4% of cases and 6.9% of references (table 1) .
Consultation rates before diagnosis
The consultation rates for cases and references are shown in table 2. Compared with references, a minor statistically significant increase in consultations was seen among children with cancer from 16 to 18 months before the diagnosis. A progressive increase was observed from 10 to 12 months before the diagnosis, especially during the last 3 months (IRD: 1.67; 95% CI 1.55 to 1.80) (p<0.001) (table 2) .
Children from families with high educational level (IRD: 1.61; 95% CI 1.43 to 1.80)) or high income (IRD: 1.46; 95% CI 1.23 to 1.69)) had lowest additional consultation rates in the last 3 months before diagnosis, whereas children from families with low educational level (IRD: 1.83; 95% CI 1.52 to 2.15)) or low income (IRD: 1.85; 95% CI 1.60 to 2.11)) had more (online supplementary table 1). No differences in additional consultation rates were observed for parental cohabitation status, having siblings or household labour market affiliation (figure 2 and online supplementary table 1).
Odds of frequent use of consultations
Of the children with cancer, 29% were frequent users of consultations 3 months before diagnosis. The proportion was modified by income; the highest odds of frequent use of consultations was observed among children from 
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low-income families (OR: 1.94; 95% CI 1.24 to 3.03) (
Invoiced diagnostic tests
The rates of invoiced diagnostic tests and additional rates are shown in table 2. Children with cancer on average had 1.71 (95% CI 1.55 to 1.87) invoiced diagnostic tests performed during the 2 years before the diagnosis compared with 0.95 (95% CI 0.92 to 0.98) among the references. A progressive increase in the rates of diagnostic tests was observed in the 4-6 months before the diagnosis (table 2) .
During the 3 months before the diagnosis, 29.4% of children with cancer had at least one invoiced diagnostic test performed in primary care (table 1). We found a statistically significant higher odds of receiving a diagnostic test among children from families with medium-level education (OR: 1.46 (95% CI 1.09 to 1.95)). We found no statistically significant associations between other socioeconomic variables and the odds of receiving one or more invoiced diagnostic tests (table 4) .
DIsCussIOn

Principal findings
Children with cancer generally had more consultations and clinical investigations in general practice than the references. A progressive increase was seen in the 10-12 months before diagnosis, which was anticipated. However, the probability of receiving more consultations and diagnostic tests was modified by parental SEP.
Children with cancer from families with high-level education and high-level income had fewest additional consultations in the last 3 months before diagnosis. Children with cancer from households with low-level and medium-level income were thus more likely to be frequent users of consultations in the 3 months before the diagnosis compared with high-income families. This trend was more pronounced for children with leukaemia than for children with other cancer types. The odds of receiving at least one invoiced diagnostic test during the last 3 months before diagnosis was higher for children from households with medium-level education compared with high-level or low-level education.
Comparison with existing literature
The observed overall increase in the rates of both consultations and diagnostic tests is in line with previous findings. 6 25 26 Previous studies have documented an association between socioeconomic factors and a prolonged Open access diagnostic interval in childhood cancer. [27] [28] [29] [30] A prolonged interval might occur if the GP does not suspect cancer, or if the GP interprets the symptoms as something else, does not communicate or interact optimally with the child and the parents or postpones referral for specialist investigation. Our findings could indicate that some or several of these factors may be at play in parents with low education. The GP's intuition plays an important role in the suspicion of serious disease. [31] [32] [33] [34] A study from the UK reported that the GP-parent relationship had significant impact on the process of obtaining a paediatric leukaemia diagnosis. 34 For example, the GP's concerns and actions were partly shaped by how anxious she/he estimated the parents to be. The GP's initial perception of a parent as being a 'worrier' or too sensitive could influence the way the parents' concerns are dealt with; 'worriers' are generally taken less seriously. However, the importance of listening to the parents was highlighted by the GPs in one of the studies although many parents reported that the GP did not seem to take their worries seriously. 34 We were able to demonstrate that children from families with lower SEP tended to see the GP more often before diagnosis. This indicates that some of these mechanisms are seen in children of parents with low income and low education. In addition, children of parents with low income might have other diseases, which may also delay the suspicion of cancer in general practice.
The communication during a consultation is a complex matter, which is influenced by numerous factors. An international review showed that patients with low SEP communicate less actively when consulting a GP and receive less information from the GP than patients with high SEP. 35 This may partly explain why we observed differences in the utilisation of primary care services before a cancer diagnosis. A Danish study has shown that higher SEP of the parents, such as high education, is associated with better survival of children with cancer. 36 One possible explanation raised by our study is that these children may have a delayed diagnosis.
Identifying the few children with malignant cancer disease is a major challenge in general practice, and it often includes wait-and-see strategies and very low positive predictive values for even serious symptoms of disease. 37 The use of 'safety-netting' as a strategy to manage diagnostic uncertainty is increasingly recognised as important in adult cancer diagnostics and may be even more pertinent in children. 38 The term 'safety-netting' was introduced to general practice by Roger Neighbour who considered it a core component of the consultation. He defined safety-netting as encompassing three questions GPs might ask themselves when they make a working diagnosis; If I'm right what do I expect to happen? How will I know if I'm wrong? What would I do then? The aim is to ensure patients are monitored until their symptoms are explained. 39 This may be particularly relevant if the child comes from a family with limited socioeconomic resources.
strengths and limitations of the study This nationwide population-based matched cohort study was based on data from several Danish national registers. 
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Danish registers are known to be very complete and valid. [40] [41] [42] A major strength was the low risk of selection bias and information bias concerning classification of diagnosis, socioeconomic factors and healthcare use. Despite the low incidence of cancer in children, we obtained sufficient data to ensure high statistical precision. This allowed us to detect small, yet clinically relevant, differences between the groups.
Our broad categorisations of, for example, income and education might have caused loss of detailed information. As these categorisations were defined a priori, some groups could have been defined too broadly and caused loss of information or introduced residual confounding. Still, we based the definitions on international standard classifications.
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A limitation of this study was the lack of information on the reasons for the requested consultations and performed tests. Potential confounding effects of age and gender were reduced by matching included cases with references. However, we cannot exclude residual confounding by other factors. For example, comorbidity or geographic factors, such as distance to GP or nearest hospital, could have influenced our results. It could be argued that geographic factors may influence the use of GP services, as there is a shortage of GPs in the more remote parts of Denmark. This might affect the accessibility and waiting time in the remote parts of Denmark, where a higher proportion of the population have lower SEP. This could potentially influence GP attendance and underestimates the effect of socioeconomic factors on utilisation of primary care. Another limitation to consider is that the date of diagnosis recorded by DCR might vary from the date of the clinical diagnosis. In some cases, the cancer may have been diagnosed clinically prior to the histopathological confirmation. However, we do not expect a systematic variation in registration according to SEP and the effect on number of consultations and diagnostic tests, if any, is therefore likely to be small.
Our study has the advantage of using multiple socioeconomic variables in the analysis. There is consensus that SEP is a complex and multifaceted aspect, which should not be considered in isolation when exploring socioeconomic inequalities in health. [44] [45] [46] The generalisability of our results has certain limitations. Measuring SEP is a complex matter, and our findings may not apply to countries with different socioeconomic conditions or organisation of primary care. Yet, this challenge is seen in any study of socioeconomics and healthcare. 
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Conclusion and implications
This nationwide population-based cohort study shows that children who are later diagnosed with cancer tend to use primary care more often in the months before the diagnosis. We were able to demonstrate that children from families with lower SEP tended to see the GP more often before cancer diagnosis.
This study shows that despite the direct and free access to GPs and primary care, some social inequalities are seen in the healthcare utilisation and handling of these patients in general practice. These variations are likely to affect the child's diagnostic pathway, treatment and prognosis. Our findings thus call for future research.
